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Abstract: 
The main purpose of this project is to synthesize 2
o
- derivatives of 5-amino-1, 10-
phenanthroline (5-aphen) for application as self-assembled monolayers on gold interdigitated 
electrode array chips in standard impedance and impedance resonance-based Cu
2+
 sensors. 
Potential applications include monitoring Cu
2+
 leaching from anti-fouling coatings on ship 
hulls. The importance of the planned secondary alkyl amino derivatives will be to test their 
binding properties to the gold surface through dithiocarbamate linkages by monitoring the 
IDE impedance signal. Practical sensor development requires good impedance response, 
maximum binding to the gold IDE chip, and maximum long term stability of the SAM, 
which provides the transducer element with sensitivity, selectivity, and reproducibility. In 
research work, three different synthetic routes were investigated for preparation of secondary 
N-alkyl 5-aphen derivatives. KI- catalyzed mono alkylation of 5-aphen with alkyl halides 
gave significantly better results than Pd/C catalyzed mono N-alkylation with aldehydes and 
alkylation of 5-aphen with the PPh3/DDQ system. 
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Chapter I 
Introduction 
5-Amino 1,10-phenanthroline (5-aphen) (Figure 1) is a fused three membered 
aromatic ring system that includes three nitrogen atoms. It has been the subject of 
considerable research due to its ability to form complexes with many metals. The shape of 
the compound favors formation of complexes with metals via chelation, so 5-aphen and its 
derivatives are widely used ligands in co-ordination chemistry. The metal complexes of these 
5-aphen derivatives have many applications in various fields such as molecular catalysis, 
solar energy conversion, colorimetric analysis, herbicides, molecular recognition, self-
assembly, antineoplastic agents, nucleic acid probes, and the development of luminescence 
based sensors for pH, anions and cations. [1] In addition, 5-aphen has unique properties in 
the formation of high conductivity polymer films from aqueous as well as non-aqueous 
media. Electrochemical polymerization of phenanthroline is a common practice for grafting 
organic films onto an electrode surface such as glassy carbon paste electrodes and gold 
electrodes. [2] 
                                        
             
 
                               
 
Figure 1: Structure of 5-aphen. 
Oxidation, reduction potentials of polymers based on phenanthroline, are sensitive to 
changes in pH of the solution, making such polymers useful. pH sensors require electro-
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active materials that can be immobilized on the surface of carbon paste electrodes (CPE) 
while at the same time remaining sensitive to changes in aqueous solution pH. 5-aphen 
derivatives, which are electro-polymerized on CPE by cyclic voltammetry, result in improved 
conductivity and sensitivity to proton activity in aqueous solution. [3, 4, 5, 6] 
In the preparation of glass-based luminescence sensors, lanthanide complexes are 
often less soluble in sol-gel matrixes, leading to nucleation and cluster formation, which 
degrade their photo-chemical behavior. 5-aphen derivatives of appropriate structure avoid 
cluster formation due to increased solubility in the sol-gel matrix. When 5-aphen derivatives 
are functionalized on silica glass surfaces, they can form covalent bonds with luminescent 
lanthanide complexes, making the complex immobile. Such composite structures can act as a 
better luminescent material. [7] 
Medicinally, 5-aphen derivatives complexed to Pd (II) have exhibited anti-tumor 
activity because of the electron donating nitrogen group on phenanthroline. [8] 
Determination of hydrogen peroxide (H2O2) concentration is an important analysis in 
various fields such as the food industry, clinical, and environmental fields. For the 
preparation of glucose bio-sensors, there is a need to develop electrodes to estimate the 
amount H2O2 in human serum. The complex of Fe (III)-5-aphen electro-polymerized on a 
carbon nanotube paste electrode with glucose oxidase performs catalytic oxidation, which 
reduces the amount of H2O2 showed good results in amperometric detection of H2O2. In 
addition, Fe (II) 5-aphen ligands on glassy carbon or carbon paste electrodes have the 
capability to oxidase guanine and adenine leading to establishment of the concentration of 
individual guanine and adenine for determining the concentration of DNA. This type of 
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electro-analytical and electro-catalytic activity with modified electrodes forms the basis of 
ampere-metric DNA biosensors. [9, 10] 
According to Fukui functions and AM1 calculations, the 5-aphen (Figures 1 and 2) 
molecule has nucleophilic sites (N10, amine-NH, C1, C4, C8, and C11) as well as 
electrophilic sites (NA, C6, C10), which makes it possible to form a good conducting 
polymer. Oligomers of 5-aphen form via 18 possible interactions between the nucleophilic 
site of one molecule and the electrophilic site of another molecule. The most favorable 
interaction is C1-C10 and polymerization most likely at that point. [2, 3] 
 
Figure 2: Electrophilic sites (blue color) and nucleophilic sites (red color) of 5-aphen 
                        molecule. 
The subject of the research work presented in this thesis is based on the well-known 
affinity of 1,10-phenanthroline for Cu
+2
 in chelate formation. Synthetic modification of the 5-
amino group of 5-aphen is aimed at preparing a variety of secondary amino alkyl derivatives 
for investigation as self-assembled monolayers on gold surfaces in impedance-based Cu
+2
 
sensors.                                                                                                                                   
Self-Assembled Monolayers (SAM): An organic film, a single molecule thick formed by 
adsorbing an active surfactant on a solid surface, is called a self-assembled monolayer 
  
4 
 
(SAM). A simple SAM can be formed by dipping noble metal surfaces in a dilute organic 
solution and then allowing solvent to evaporate from the liquid film under suitable 
conditions. 5-aphen derivatives can form functionalized SAMs for study of physical and 
chemical properties of self-organization, structure-property relationships, and interfacial 
phenomena. It also offers the understanding of phenomena affected by competing 
intermolecular, molecular-substrates and molecule-solvent interactions like ordering and 
growth, wetting, adhesion, lubrication, and corrosion.[11]  Self assembled monolayers of 
amphiphilic molecules on gold substrates have applications in biosensing, biomimetics and 
corrosion inhibition. [12] 
The most widely used SAMs are based on thiol’s (-SH) affinity for gold surfaces. [13] 
Morf et al. reported that the binding group dithiocarbamate (-NH-CS2) is more resonance 
stabilized than simple thiol and can be used as an alternative.[14]  Furthermore, 
dithiocarbamate ( DTC) is a commonly used chelating ligand and has good chemisorption 
properties that can make it significant in co-ordination chemistry.[15] The chemistry of CS2 
is well studied with respect to properties such as thermal stability and decomposition. CS2 
can form bi-dentate linkages with gold surfaces, making a direct connection possible between 
the metal surface and organic molecules. The inter-atomic distance between two sulfur atoms 
of the dithiocarbamate group is almost the same as adjacent bond sites on gold, which is 
perfect for well-ordered adsorption on the gold surface. [16, 17] 
Alkyl amines react with CS2 to form dithiocarbamates which anchor on gold 
substrates through the dithiocarbamate sulfur atoms. It has been reported that secondary 
amines form more stable dithiocarbamates than primary amines. [15] Primary amines based 
on dithiocarbamate may decompose in solution and produce chemisorptive by-products when 
  
5 
 
exposed to oxidation in air, while secondary amines generally showed more inert behavior. 
The Snyder research group at EMU has been investigating the use of dithiocarbamate 
formation to anchor metal cation chelating groups (such as 1, 10-phenanthroline) on gold 
IDE chips for selective impedance detection.  
Interdigitated electrodes (IDE):  A typical interdigitated electrode (Figure 3) is formed 
from two metal electrodes in the shape of inter-meshing combs that function as a surface 
capacitor. Larger contact pads from the electrodes allow connection through wires to an 
impedance analyzer to measure impedance vs. frequency. The working principle behind these 
impedance sensors depends upon the capacitance change of the IDE due to change in 
dielectric constant at the metal/solution interface. IDEs of varying geometry and size are 
easily fabricated by standard planar lithographic techniques. Sensitivity depends upon the 
geometry of the IDE, the size of the array, width, area, length, thickness, spacing between 
electrode fingers, and number of electrode fingers [18, 19, 20] 
                         
                                                  Figure 3: Interdigitated electrode. 
 Materials of construction for the IDE depend on cost and end use. Gold and platinum 
are the most commonly used metals in order to avoid corrosion, but copper may also be used 
for larger, inexpensive arrays. The substrate on which the electrodes are formed must be a 
low dielectric solid such as polycrystalline Si, SiO2, BK7 glass or epoxy/fiber glass 
composites. [18] 
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Impedance behavior related to solvent composition: Generally, impedance can be defined 
as a measurement of total opposition to current flow of a circuit as a function of frequency 
for alternating current flow, measured in units of ohms. Ohms law is applicable to both AC 
and DC circuits when the circuit is composed of only resistive elements. In AC circuits that 
also contain capacitive and/or inductive elements. Ohm’s law is expressed as I=V/Z instead 
of I=V/R (where I is the resulting current and R is the resistance). The impedance term Z 
differs from simple resistance (R) due to its complex frequency dependence. In algebraic 
terms impedance can be defined as Z= R+ iX, where R is the resistance and the iX is the 
“reactance.” 
Impedance spectroscopy is a powerful tool for characterizing electro chemical 
properties of materials which affect the chemical environment around the electrode planar 
surface.   
 
Figure 4: 3D- Parallel capacitor. 
Impedance-based sensors operate on the ability of IDE arrays to change their 
capacitance in response to changes in dielectric constant of the material around the metal 
leads.  A typical solid-state capacitor of the parallel plate type (Figure 4) also stores energy 
as an electric field when a voltage charges the capacitor so that one plate is positive and other 
is negative. The dielectric material between the plates insulates and provides some degree of 
stabilization. Since it is sealed between the plates, the dielectric constant can’t change and 
provides a fixed impedance value for the capacitor.      
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Figure 5: Solvent-chip surface interfacial region for the gold IDE. 
 For an IDE (Figure 5), the dielectric material is a gas or liquid (blue colored) that 
covers the surface of the array so that any change in the composition of that material may 
change its dielectric constant, and hence alter impedance of the IDE.  The Snyder group has 
been using changes in solution composition to investigate the relationship of ion 
concentration to impedance values. Part of this complex relationship is the formation of a 
fluid double layer of opposite charged ions in the interfacial region around each electrode 
when voltage is applied.                    
                       
          Figure 6: Opposite ion orientation of fluid double layer of charged IDE. [18] 
Ion reorientation in the double layer (Figure 6) must occur when the voltage reverses 
during the AC cycle, resulting in time dependent factors related to ion mobility. 
Concentrating the metal ions within the electric field close to the surface with the help of 
metal-chelating self-assembled monolayers should cause significant changes in these effects, 
by altering the dielectric constant of the material between the two electrodes, as well as 
altering ion mobilites. [18] 
  
8 
 
Impedance and its behavior with different SAMs: It has also been hypothesized that 
SAMs composed of different structures may induce different impedance behavior. As an 
example, mono-substituted N-alkyl-5-amino-1, 10-phenanthroline used as a SAM could give 
different impedance response relating to the steric requirement of the N-substituent group. If 
the substituent group has bigger steric volume (Figure 7.A), fewer dithiocarbamates per unit 
area would be anchored to the surface, while if the substituent group has a smaller steric 
requirement (Figure 7.A), then the per unit area density of the surface anchored 
dithiocarbamates by these molecules would be larger. There is also the possibility if the 
substituent is an aromatic ring that increased surface binding by pi interactions (Figure 7.B) 
could enhance binding stability and improve the life time of sensors. The main goal of our 
project is to synthesis secondary 5-amino-1,10-phenanthroline compounds and investigate 
their binding properties to the gold surface and how the impedance signal would change by 
varying the steric groups of 5-amino-1,10-phenanthroline. 
 
A.                    B.                           
Figure 7: A. Steric hinderance effect of substituent on gold IDE chip. B. Additional bond   
                     between substituted benzene ring and Gold IDE chip.                               
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Synthetic methods of preparation for secondary aromatic amines: A survey of the current 
literature for selective, high yield synthesis of secondary amines from primary aryl amines 
found three possible methods for conversion of the primary amine group of 5-amino-1,10-
phenanthroline to a secondary derivative under mild reaction conditions, as described in the 
following sections.  
Reductive amination over Pd/C with ammonium formate hydrogen donor (GM1):      
                              
NH2/NO2
R
+
R' H
O
Pd/C, NH4
+ COO-
i-PrOH/H2O(10:1,v/v)
R
HN R'
 
Reductive amination reactions of carbonyls, i.e aldehydes and ketones, are well 
known, though most have some drawbacks, such as long reaction times, requiring large 
excess of reagents, high reaction temperatures, acidic conditions, and formation of unwanted 
by-products. To avoid these drawbacks, Eunyoun et al. reported an improved one pot 
synthesis of 2
o
-amines. Derivatives of anilines and nitroarenes react with different aldehydes 
in the presence of Pd/C catalyst with ammonium formate as a hydrogen donor and aqueous 
iso-propanol as a solvent to produce N-mono alkylated aniline and derivatives. Isopropanol 
and water in 10:1 (v/v) has been used to get higher yields without di-alkylation product. Pd/C 
can also be reused after the reaction is done. [21] 
Mono-N-alkylation with alcohols using PPh3/DDQ (GM2):  
NH2
+
HN
R OH
PPh3/DDQ/CH2Cl2
R
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Aromatic amines react with primary and secondary alcohols in the presence of triphenyl 
phosphine (PPh3) and 2,3-dichloro-5,6- dicyanobenzoquinone (DDQ) using dichloromethane 
as solvent to form N-monoalkylated  amines or symmetrical and unsymmetrical N,N-
dialkylation of aromatic amines in excellent yields. The advantage of this reaction is that it 
has a good chemoselectivity so it can be used to form mono-substituted amines in excellent 
yields without any disubstituted amines. It can also form disubstituted amines if the amine is 
used as a limiting reagent with two equivalents of alcohol. Other examples of this kind of 
reaction need strong base to deprotonate the amines.  However, for this reaction, no 
additional base is required. This reaction occurs very rapidly at room temperature and only 
one by-product is formed i.e.Ph3PO. [23] 
KI catalyzed N-alkylation with alkyl halides (GM3): 
                                   N
NH2
+
N
HN
R Cl
KI,CH3CN
R
170C,10min
 
It has been reported that mono N-alkylation of amines under microwave conditions 
improves the yield and selectivity of secondary amine products and reduces the reaction time 
significantly. This is a microwave-assisted organic synthesis. In this reaction an alkyl halide 
is used as the alkylating agent in the presence of KI with the solvent acetonitrile. Optimized 
reactions conditions reported in the literature are three equivalents of amine irradiated with 
the alkylating agent in the presence of catalytic amounts of KI and maintaining the 
temperature at 110
o
 C for 10 min. This reaction is reported to give alkylated amines in good 
yields. Electron poor anilines require higher reaction temperature (170
o
C) to achieve similar 
yields. [22] 
  
11 
 
Chapter II 
General Experimental Procedures: 
For synthetic reactions, all commercially available chemicals were purchased as 
reagent grade from Aldrich. Starting compounds were purified by recrystallization when 
impurities were visible by TLC. To analyze starting materials and products, 150 μm and 250 
μm thickness of UV active silica gel coated TLC plates were visualized with a 254 nm UV 
lamp or KMnO4 solution. Flash chromatography with silica gel (28-200 μm particle size) was 
used for the purification of compounds and solvents as indicated. All 
1
H, 
13
C, and 2D spectra 
were recorded at room temperature on a 400 MHz JEOL ECX instrument; chemical shifts are 
defined in δ (parts per million, ppm) and are reported relative to the DMSO and CDCl3 
peaks. The following abbreviations were used: s (singlet), d (doublet), t (triplet), q (quartet), 
dd (doublet of doublets), and m (multiplet). 5- Aphen was purified via recrystallization with 
methanol or ethanol when needed. 
Reaction GM1-1: 
NH2
+
Ph H
O
Pd/C, NH4
+ COO-
i-PrOH/H2O(10:1,v/v)
HN Ph
 
In order to test GM1, a literature preparation was repeated. Pd/C (0.293g, 0.275 
mmol) catalyst in 20 mL of 2-propanol was dissolved in a round bottom flask. Ammonium 
formate (1.73g, 27.5 mmol) was added to 2mL of water and heated until it dissolved. The 
ammonium formate solution was then added to the round bottom flask and stirred for 15 min 
to activate the Pd/C. Aniline (0.256g, 2.75mmol), and then benzaldehyde (0.292g, 2.75mmol) 
were added to the round bottom flask. The reaction mixture was stirred for 2 hours at room 
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temperature. The completion of the reaction was monitored by TLC eluted with 8% hexane: 
methanol. Pd/C was removed by filtration using a celite filter bed. CH2Cl2 was added to the 
clear filtrate for extraction of organic substances; the combined CH2Cl2 extracts were then 
washed three times with brine solution to remove any leftover ammonium formate. The 
reaction mixture was dried over anhydrous MgSO4. Organic solvent was removed by rotary 
evaporator with formation of  pinkish white crystals and the crude solid, then dried under 
high vacuum (<1mm Hg)  until its weight reached a constant value of 0.267g. Then 
recrystallization was done with petroleum ether. TLC indicated the crude solid was pure. 
1
H 
NMR confirmed the product as the expected N-benzyl aniline in a yield of 53%. 1H-NMR 
(CDCl3, δ, ppm): 3.76 (1H, s, NH), 4.18 (2H, s, CH2), 6.60 (5H, m, Ph–N), 7.23 (5H, m, Ph–
CH2) 
Reaction GM1-1A: 
+
H
O Pd/C, NH4
+ COO-
i-PrOH/H2O(10:1,v/v)
N N
H2N
N N
HN
 
         Ammonium formate (0.320g, 5.13 mmol) was dissolved  in 0.6 mL of water, which  
was added to a round bottom flask containing a pre-stirred solution of Pd/C (0.005g, 
.051mmol) in 5.9 mL of 2-propanaol. Pd/C was activated by 10min of stirring followed by 
the addition of 5-aphen (0.100g, 0.513 mmol) and acetaldehyde (0.022g, 0.513 mmol) into 
the flask. Then the reaction mixture was stirred at room temperature for an hour, while 
monitoring by TLC eluted with glacial acetic acid or 30% AcOH:MeOH. Work-up was by 
filtration through celite filter bed to remove the Pd/C. The filtrate was extracted three times 
with CH2Cl2 and the combined extracts washed three times with brine solution. The washed 
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extract was dried over MgSO4. Organic solvent was rotary evaporated to isolate yellow 
crystals, which were put under high vacuum (<1mm Hg) for approximately 16 hours until it 
acquired a constant mass of 0.042g. TLC of the crude product indicated the yellow crystals to 
be primarily un reacted 5-aphen starting material with no other spots corresponding to the 
desired N-ethylated product. Recovery of the starting material was 42.5%.  
Reaction GM1-2A: 
Pd/C (0.054g, 0.513 mmol) catalyst in 10 mL of 2-propanol was take up a round 
bottom flask. Ammonium formate (0.320g, 0.513 mmol) was added to about 1 mL of water 
and heated until it dissolved.  Ammonium formate solution was then added to the round 
bottom flask and stirred for 15 min to activate the Pd/C, followed by the addition of 5-aphen 
(0.100g, 0.513 mmol) and acetaldehyde. The reaction mixture was stirred for 16 hours, while 
monitoring by TLC eluted with 30% AcOH: MeOH. Pd/C was filtered off using a celite filter 
bed. The filtrate was extracted three times with CH2Cl2 and the combined extracts washed 
three times with brine solution. The washed extract was dried over MgSO4. Organic solvent 
was stripped off by a rotary evaporator, and a yellow colored solid was formed. The solid 
crude material was dried under high vacuum (<1mm) to get a constant weight of 0.062g. The 
recovery of starting material was 63.0%, confirmed by TLC. 
Reaction GM1-3A: 
Ammonium formate (0.484g, 1.537 mmol) was dissolved in 1.1 mL of water and then 
added to a round bottom flask containing a pre-stirred solution of Pd/C (0.016g, 1.537mmol) 
in 11 mL of 2-propanol. Pd/C was activated by 10min of stirring, followed by the addition of 
5-aphen (0.300g, 1.537 mmol) and acetaldehyde (0.067g, 0.768 mmol) into the flask. Then 
the reaction mixture was stirred at room temperature for 24 hours, while monitoring by TLC 
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eluted with glacial acetic acid or 30% AcOH:MeOH. Work-up was filtration through a celite 
filter bed to remove Pd/C. The filtrate was extracted three times with CH2Cl2 and the 
combined extracts washed three times with brine solution. The washed extract was dried over 
anhydrous MgSO4. A yellow solid material was recrystallized with methanol. Then the solid 
material was put under high vacuum (<1mm) for approximately 16 hours until it reached a 
constant mass of 0.183g. The recovered starting material was 61%, confirmed by TLC. 
Reaction GM1-4A:  
Ammonium formate (0.968g, 0.768 mmol) was dissolved in 2 mL of water and then 
added to a round bottom flask containing a pre-stirred solution of Pd/C (0.300g, 1.537 mmol) 
in 20 mL of 2-propanol.  Pd/C was activated by 10min of stirring, followed by the addition of 
5-aphen (0.300g, 1.537mmol) and acetaldehyde (0.134g, 1.537 mmol) into the flask.  Then 
the reaction mixture was stirred at room temperature for 48 hours, while monitoring by TLC 
eluted with glacial acetic acid or 30%AcOH: MeOH. Work-up was by filtration through 
celite to take off Pd/C. The reaction mixture was extracted three times with CH2Cl2 and the 
combined extracts washed three times with brine solution. The filtrate was dried over 
anhydrous MgSO4. Organic solvent was removed by rotary evaporator to isolate yellow 
crystals. The solid crude material was recrystallized with methanol. Then the yellow solid 
material was put under high vacuum (<1mm) for approximately 16 hours until it acquired a 
constant mass of 0.201g. Recovery of starting material was 67.5%, confirmed by TLC. 
Reaction GM1-5A: 
Pd/C (0.054g, 0.275 mmol) catalyst in 2-propanol was placed in a round bottom flask. 
Ammonium formate (1.732, 27.5mmol) was dissolved in 20mL of water and heated until it 
dissolved. Ammonium formate solution was then added to the round bottom flask and stirred 
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for 15 min to activate the Pd/C, followed by the addition of 5-aphen (0.536g, 2.75 mmol) and 
acetaldehyde (0.121g, 2.75 mmol). Then reaction mixture was stirred at room temperature for 
24 hours, while monitoring by TLC eluted with glacial acetic acid or 30% AcOH:MeOH. 
Pd/C was filtered off by using a celite bed. The filtrate was extracted three times with CH2Cl2 
and the combined extracts washed three times with brine solution. The washed extract was 
dried over anhydrous MgSO4. Organic solvent was removed by a rotary evaporator, and a 
yellow colored solid was formed. Then the crude solid was recrystallized with ethanol. A 
yellow solid crude material was dried under high vacuum (<1mm) until it acquired a constant 
weight of 0.369g. Recovery of starting material was 69.0%, confirmed by TLC. 
Reaction GM1-6A: 
Pd/C (0.108g, 1.02 mmol) catalyst in 20 mL of 2-propanol was placed in a round 
bottom flask. Ammonium formate (0.642g, 10.2 mmol) was dissolved in about 2.5 mL of 
water and heated until it dissolved. Ammonium formate solution was then added to the round 
bottom flask and stirred for 15 min to activate the Pd/C, followed by the addition of  5-aphen 
(0.200 g, 1.02 mmol) and chilled acetaldehyde (0.044g, 1.02mmol). The reaction mixture 
was stirred for 48 hours at a temperature of 15
o
 C, monitoring by TLC with glacial acetic 
acid or 30% AcOH:MeOH as an eluent. Pd/C was removed by using a celite filter bed. The 
filtrate was extracted three times with CH2Cl2 and the combined extracts washed three times 
with brine solution. The washed extract was dried over anhydrous MgSO4. Organic solvent 
was removed by a rotary evaporator, and a yellow colored solid was formed. The solid crude 
was then recrystallized with ethanol. A yellow solid crude material was dried under a high 
vacuum (<1mm) until it reached a constant mass of 0.142 g. Recovery of starting material 
was 71%, confirmed by TLC. 
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Reaction GM1-1B: 
              
+
Ph H
O
Pd/C, NH4
+ COO-
i-PrOH/H2O(10:1,v/v)
N N
H2N
N N
HN
Ph
 
Pd/C (0.054g, 0.513 mmol) catalyst in 20 mL of 2-propanol was taken up in a round 
bottom flask. Ammonium formate (0.320g, 5.13 mmol) was dissolved in 2 mL of water and 
heated until it dissolved.  Ammonium formate solution was then added to the round bottom 
flask and stirred for 15 min to activate the Pd/C, followed by the addition of 5-aphen (0.100 
g, 0.513 mmol) and benzaldehyde (0.054g, 0.513 mmol). Then the reaction mixture was 
stirred at room temperature for 48 hours, while monitoring by TLC using a glacial acetic acid 
and 30% AcOH:MeOH solvent system. Pd/C was removed by filtration using a celite filter 
bed. The filtrate was extracted three times with CH2Cl2 and the combined extracts washed 
three times with brine solution. The washed extract was dried over anhydrous MgSO4.  The 
organic solvent was removed by a rotary evaporator to form a yellow solid, which was then 
recrystallized from ethanol.  The yellow crude material was dried under a high vacuum 
(<1mm) for approximately 24 hours until it reached a constant mass of 0.132g. Column 
chromatography was used to recover starting compound. 18g of silica gel gave a 10.8 cm bed 
length and 5% AcOH:MeOH  was used as an eluent for the chromatography.  This resulted in 
isolation of 0.121g solid crude material; however, the TLC showed no improvement in purity. 
Reaction GM1-2B: 
Pd/C (0.054g, mmol) catalyst in 40 mL of 2-propanol was taken up in a round bottom 
flask. Ammonium formate (1.732g, 27.5 mmol) was placed in about 3 mL of water and 
heated until it dissolved. Ammonium formate solution was then added to the round bottom 
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flask and stirred for 15 min to activate the Pd/C, followed by the addition of 5-aphen (0.536g, 
2.75mmol) and benzaldehyde (0.292g, 2.75 mmol). The reaction mixture was stirred at room 
temperature for 48 hours, while monitoring by TLC eluted with 30% AcOH:MeOH and 
2:2:1MeOH:CH2Cl2:TEA. Pd/C was filtered off by using a celite filter bed. The filtrate was 
extracted three times with CH2Cl2 and the combined extracts washed three times with brine 
solution. The washed extract was dried over anhydrous MgSO4. The organic solvent was 
removed by a rotary evaporator to form a yellow solid, which was recrystallized from 
ethanol. This material was dried under high vacuum (<1mm) until it acquired a constant mass 
of 0.521g. The compound was then also chromatographed with 2:2:1 CH2Cl2: MeOH: TEA 
as an eluent to recover pure starting compound. 50g of silica-gel with a column bed length of    
5 cm was used to run 0.160g of crude solid, but no improvement in purity was observed. 
Reaction GM2-1BC: 
+
Ph H
O
PPh3/DDQ/CH2Cl2
N N
H2N
N N
HN
Ph
 
Ph3P (0.314g, 1.2 mmol), DDQ (0.272g, 1.2 mmol) and 5 mL of dichloromethane 
were stirred in a round bottom flask for 10 min followed by the addition of 5-aphen (0.234g, 
1.2 mmol) and benzyl alcohol(0.108 mL, 1.2 mmol) at room temperature. The reaction was 
monitored by TLC at intervals of 5 hours with 30% AcOH:MeOH solvent system. After 24 
hours, the stirring was stopped. The reaction mixture was rotary evaporated to take off the 
solvent. A yellow colored solid was formed. Weight of the crude solid was 0.908g.  
Recrystallization with methanol was attempted, but failed to isolate crystals.  Column 
chromatography with 50g silica-gel (bed length 5 cm) using 5% AcOH:MeOH as an eluent 
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was tested to recover starting compound, but the process failed to yield pure material. The 
overall recovery of the starting compound mixture was 0.810g. TLC indicated that the final   
reaction mixture was not significantly different from the starting compound mixture. 
Reaction GM2-2BC: 
Ph3P (0.718g, 2.7 mmol), DDQ (0.272g, 2.7 mmol), and 50 mL of dichloromethane 
were added to a round bottom flask. After 10 min, 5-aphen (0.536g, 2.7mmol) and benzyl 
alcohol (0.247g, 2.7 mmol) were added to the reaction mixture at room temperature. The 
reaction was monitored by TLC for every 5 hours. After 24 hours, the stirring was stopped. 
The reaction mixture was rotary evaporated to remove the solvent, forming a yellow-colored 
solid. The weight of the crude solid was 1.71g. Solid crude material was recrystallized from 
methanol and the isolated crystals placed under high vacuum (<1mm) for about 16 hours. 
The weight of the recovered solid was 1.66g. TLC indicated that the final reaction mixture 
was not different from starting compounds. 
Reaction GM3-1BC: 
                      
+ KI,CH3CN
170oC,10min,N N
H2N
N N
HNCl

 
5-aphen (0.1g, 1.539 mmol) in 1.0 mL of acetonitrile was placed in a microwave 
reaction test tube. Benzyl chloride (0.024g, 0.513mmol) and KI (0.003g, 0.051 mmol) were 
added to the test tube. Then the test tube was sealed with a special cap and irradiated in the 
microwave under pressure of 250 atm and a temperature of 170
o
C; the reaction hold time was 
10 min. Then the test tube was cooled and the reaction mixture examined by TLC with 2:2:1 
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methanol: CH2Cl2: TEA and 30%AcOH:MeOH solvent system. Solid was formed in the 
liquid after cooling the reaction mixture. The reaction mixture was rotary evaporated to 
remove acetonitrile and recrystallized with methanol. The yellow solid product weight was 
0.106g.  An attempt was made to further purify the solid by column chromatography with 
2:2:1 MeOH:CH2Cl2: TEA as an eluent using 18g of silica-gel in a bed length of 10.8 cm. 
TLC indicated the recovered solid was still contaminated with starting material. 
Reaction GM3-2BC: 
+ KI,CH3CN
95oC,3Days
N N
H2N
N N
HNCl
 
In a round bottom flask, 5-aphen (0.585g, 3.0 mmol, 3 eq) was dissolved in 30 mL of 
acetonitrile. The reaction mixture was refluxed at 95
o
C. KI (0.02g, 3.0 mmol) and benzyl 
chloride (0.140g, 3.0 mmol) were added to the reaction mixture at reflux temperature. The 
reaction mixture was then stirred for 24 hours at reflux. Solvent acetonitrile was removed by 
rotary evaporator and the crude solid recrystallized from methanol. At the end, the residue 
was put under high vacuum (<1mm) for approximately 24 hours until it acquired a constant 
mass of 0.578g.  TLC indicated the crude solid was still contaminated with unreacted starting 
material in addition to the expected product. 
Reaction GM3-3BC: 
5-aphen (0.210g, 1.08 mmol) in 70 mL of acetonitrile was placed in a round bottom 
flask. The reaction mixture was refluxed at 90
o
C which was suitable to dissolve 5-aphen in       
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Acetonitrile. In a beaker, KI (0.018g, 1.08 mmol, 0.1eq) was added in 30 mL of acetonitrile, 
and was heated to dissolve. Benzyl chloride (0.051g, 0.36 mmol) was added to the KI 
acetonitrile solution. A light white cloudy color change was observed when benzyl chloride 
was added. Benzyl chloride in KI acetonitrile solution was added drop-wise to the reaction 
mixture while refluxing. Then the reaction was further refluxed for 24 hours. The completion 
of the reaction was monitored by TLC eluted with 2:2:1 MeOH: CH2Cl2: TEA solvent 
system. Acetonitrile was removed by using a rotary evaporator. Solid crude was then 
recrystallized with ethanol. Then the solid residue was put under a high vacuum (<1mm) 
until it acquired a constant mass of 0.293g. TLC indicated the crude solid N-benzyl-5-ahpen 
was not pure, being contaminated with unreacted starting material. 
Reaction GM3-4BC: 
5-aphen (0.210g, 1.08 mmol) in 70 mL of acetonitrile was placed in a round bottom 
flask. The reaction mixture was refluxed at a temperature 90
o
 C, which is suitable to dissolve 
5-aphen in acetonitrile. In a beaker, KI (0.018g, 1.08 mmol, 0.1eq) was taken up in 30 mL of 
acetonitrile and heated to dissolve. Benzyl chloride (0.136g, 1.08 mmol) was then added to 
the KI acetonitrile solution. A pale white cloudiness was observed when the benzyl chloride 
was added. Then, the reaction was refluxed for 24 hours. A second mixture with the same 
portions of dissolved KI in acetonitrile and benzyl chloride was then added to the reaction 
mixture at reflux temperature. After 24 hours, a third mixture of the same reactants was 
added to the round bottom flask and continued to reflux for additional 24 hours. The 
completion of the reaction was monitored by the TLC with 2:2:1 MeOH: CH2Cl2: TEA 
solvent system. The reaction mixture included colored liquid and yellow colored solid that 
was stuck to the wall of round bottom flask. The liquid and solid residues were separated 
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carefully. In the liquid fraction, the solvent was removed via rotary evaporator and dried 
under high vacuum (<1mm) until it acquired a constant weight of 0.481g. Both solid and 
liquid fractions were recrystallized separately from methanol. The solid residue was dried at 
room temperature for three days and then put under high vacuum (<1mm) for about 10 hours 
until it acquired a constant mass of 0.124g. TLC indicated the solid crude was pure. 
1
H NMR 
confirmed the product as the expected N-benzylated in a yield of 40.3%. 
1
H-NMR (DMSO, 
δ, ppm): 7.14 (1H, s, NH), 7.2 (8H, m, Ph–N and -CH), 7.92 (1H, dd,-CH), 8.14 (1H, t,–CH), 
8.88 (1H, d, -CH), 8.98 ( 1H, d, -CH), 9.12 ( 1H, d, -CH), 9.22 (1H, d, -CH). 
Reaction GM3-5BC: 
5-aphen (0.422g, 2.16 mmol) in 70 mL of acetonitrile was placed in a round bottom 
flask. The reaction mixture was refluxed at 90
o
C, which was suitable to dissolve 5-aphen in 
acetonitrile. In a beaker, KI (0.036g, 2.16 mmol, 0.1eq) was taken up in 30 mL of acetonitrile 
and heated to dissolve. Benzyl chloride (0.273g, 2.16 mmol) was added to the KI acetonitrile 
solution. A pale white cloudiness was observed when the benzyl chloride added. Then, the 
reaction was refluxed for 24 hours. A second mixture with the same portions of dissolved KI 
in acetonitrile and benzyl chloride was added to the reaction mixture at reflux temperature.  
After 24 hours, a third mixture of the same reactants was added to the round bottom flask and 
continued to reflux for additional 24 hours. The completion of the reaction was monitored by 
TLC with 2:2:1 MeOH: CH2Cl2: TEA solvent system. The reaction mixture included colored 
liquid and yellow colored solid that was stuck to the wall of round bottom flask. The liquid 
and solid residues were separated carefully. In the liquid fraction, solvent was removed with 
the rotary evaporator and dried under high vacuum (<1mm) until it reached a constant mass. 
Both solid and liquid fractions were recrystallized separately from methanol. The material 
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from the original crude solid was put under high vacuum (<1mm) until it reached a constant 
mass of 0.28g.  The solid isolated from the liquid had a constant mass of 0.960g. TLC 
indicated the total solid was substantially free of impurities. 
1
H NMR confirmed the product 
as the expected N-benzylated compound in a yield of 45%. 
Reaction GM3-6BB: 
+ KI,CH3CN
90oC,3Days
N N
H2N
N N
HNBr
 
5-aphen (0.210g, 1.08 mmol) in 70 mL of acetonitrile was placed in a round bottom 
flask and refluxed at 90
o 
C.  In a beaker, KI (0.018g, 1.08mmol, 0.1eq) was added to 30 mL 
of acetonitrile and heated to dissolve. Benzyl bromide (0.184g, 1.08 mmol) was added to the 
KI acetonitrile solution. A pale white cloudiness was observed when the benzyl bromide was 
added. Then the reaction was refluxed for 24 hours. A second mixture with the same portions 
of dissolved KI in acetonitrile and benzyl bromide was added to the reaction mixture at 
reflux temperature. After 24 hours, a third mixture of the same reactants was added to the 
round bottom flask and continued to reflux for an additional 24 hours. The completion of the 
reaction mixture was monitored by the TLC eluted with 2:2:1 MeOH: CH2Cl2: TEA solvent 
system. The reaction mixture included a colored liquid and a yellow colored solid that was 
stuck to the wall of the round bottom flask. The liquid and the solid residues were separated 
carefully. In the liquid fraction, solvent was removed via rotary evaporator and dried under 
high vacuum (<1mm) until it reached a constant mass of 0.562g.  The solid residue was dried 
at room temperature for three days, then put under high vacuum (<1mm) until it acquired a 
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constant mass of 0.184g. TLC indicated the solid crude was pure. 1H NMR confirmed the 
product as the expected N-benzylated in a yield of 60%.
1
H-NMR (DMSO, δ, ppm): 7.14 (1H, 
s, NH), 7.2 (8H, m, Ph–N and -CH), 7.92 (1H, dd,-CH), 8.14 (1H, t,–CH), 8.88 (1H, d, -CH), 
8.98 ( 1H, d, -CH), 9.12 ( 1H, d, -CH), 9.22 (1H, d, -CH). 
Reaction GM3-7NB: 
              
+ KI,CH3CN
90oC,3Days
N N
H2N
N N
HNBr
 
5-aphen (0.210g, 1.08 mmol) in 70 mL of acetonitrile was placed in a round bottom 
flask. The reaction mixture was refluxed at 90
o
C, which was suitable to dissolve 5-aphen in 
acetonitrile. In a beaker, KI (0.018g, 1.08mmol, 0.1eq) was taken up in 30 mL of acetonitrile 
and heated to dissolve. 1-bromomethyl-napthalene (0.238g, 1.08 mmol) was added to the KI 
acetonitrile solution. A pale white cloudiness was observed when the 1-bromomethyl-
napthalene was added. The reaction was then refluxed for 24 hours. A second mixture with 
the same portions of dissolved KI in acetronitrile and 1-bromomethyl-napthalene was added 
to the reaction mixture at reflux temperature.  After 24 hours, a third mixture of the same 
reactants was added to the round bottom flask and continued to reflux for additional 24 
hours. The completion of the reaction was monitored by the TLC eluted with 2:2:1 MeOH: 
CH2Cl2: TEA and 30%AcOH: MeOH solvent systems. The reaction mixture included colored 
liquid and yellow colored solid that was stuck to the wall of the round bottom flask. The 
liquid and solid residues were separated carefully. In the liquid fraction, solvent was removed 
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with the help of a rotary evaporator and dried under high vacuum (<1mm) until its weight 
reached a constant value of 0.611g. Both fractions were recrystallized from ethanol. The solid 
residue was then put under high vacuum (<1mm) until it acquired a constant weight of 
0.344g. TLC indicated the solid from both fractions were the expected product (N-1-
methylnapthalene-5-aphen) with traces of starting material (5-aphen) as an impurity. 
Reaction GM3-8CB: 
+ KI,CH3CN
90oC,3Days
N N
H2N
N N
HNBr
 
5-aphen (0.210g, 1.08 mmol) in 70 mL of acetonitrile was placed in a round bottom 
flask. The reaction mixture was refluxed at 90
o
C, which was suitable to dissolve 5-aphen in 
acetonitrile. In a beaker, KI (0.018g, 1.08mmol, 0.1eq) was added to 30 mL of acetonitrile 
and heated to dissolve. Bromomethyl cyclohexane (0.121g, 1.08 mmol) was added to the KI 
acetonitrile solution. Then the reaction was refluxed for 24 hours. A second mixture with the 
same portions of dissolved KI in acetonitrile and bromomethyl cyclohexane was added to the 
reaction mixture at reflux temperature.  After 24 hours, a third mixture of the same reactants 
mixture was added to the round bottom flask and continued to reflux for an additional 24 
hours. The completion of the reaction was monitored by TLC eluted with 2:2:1 MeOH: 
CH2Cl2: TEA. The reaction mixture includes colored liquid and yellow colored solid which 
was stuck to the wall of the round bottom flask. The liquid and solid residues were separated 
carefully. TLC analysis showed both were mixtures of similar composition. Organic solvent 
was removed with the help of a rotary evaporator and the crude solids then recrystallized 
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from methanol. The solid residue was put under high vacuum (<1mm) until it reached a 
constant mass of 0.819g. TLC indicated no difference from mixture of starting materials. 
Reaction GM3-9nBB: 
KI,CH3CN
90oC,3Days
N N
H2N
N N
HN
Br+
 
 5-aphen (0.210g, 1.08 mmol) in 70 mL of acetonitrile was placed in a round bottom 
flask. The reaction mixture was refluxed at 95
o
C, which was suitable to dissolve 5-aphen in 
acetonitrile. In a beaker, KI (0.018g, 1.08mmol, 0.1eq) was added to 30 mL of acetonitrile 
and it was heated to dissolve. 1-Bromobutane (0.150g, 1.08 mmol) was added to the KI 
acetonitrile solution. Then, the reaction was refluxed for 24 hours. A second mixture with the 
same portions of dissolved KI in acetonitrile and 1-bromobutane was added to the reaction 
mixture at reflux temperature.  After 24 hours, a third mixture of the same reactants was 
added to the round bottom flask and continued to reflux for additional 24 hours. The 
completion of the reaction was monitored by the TLC eluted with 2:2:1 MeOH: CH2Cl2: 
TEA. The reaction mixture included colored liquid and yellow colored solid that was stuck to 
the wall of the round bottom flask. The liquid and solid residues were separated carefully. 
TLC analysis showed that both liquid and solid fractions were of similar composition. 
Organic solvent acetonitrile was removed with the help of a rotary evaporator and dried 
under a high vacuum (<1mm) until it reached a constant mass of 0.704g. TLC indicated that 
the crude solid was the expected product (N-butyl- 5-aphen) and unreacted starting material 
(5-aphen).  
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Reaction GM3-10: 
+ KI,CH3CN
90oC,3Days
H2N
HNCl
 
             9-amino phenanthrene (0.208g, 1.08 mmol) in 70 mL of acetonitrile was placed in a 
round bottom flask. The reaction mixture was refluxed at 95
o
C, which was suitable to 
dissolve phenanthrene 9-amine in acetonitrile. In a beaker, KI (0.018g, 1.08 mmol, 0.1eq) 
was taken up in 30 mL of acetonitrile heated to dissolve. Benzyl chloride (0.138g, 1.08 
mmol) was added to the KI acetonitrile solution. A pale white cloudiness was noted when the 
benzyl chloride was added.  The reaction was then refluxed for 12 hours. Completion of the 
reaction was monitored by TLC. The reaction mixture included colored liquid and a white 
solid precipitate. The liquid and solid residues were separated by filtration. For the liquid 
fraction, solvent was removed via rotary evaporator and dried under high vacuum (<1mm) 
until reaching a constant mass. TLC analysis showed that both the liquid and solid fractions 
were similar mixtures, yielding three distinct at Rf values of 0.3 (starting compound), 0.65 
and 0.85.  The solvent used for TLC was 8% hexane: ethyl acetate. Solvent acetonitrile was 
stripped off the solid precipitate by rotary evaporator.  Recrystallization from ethanol was 
done, but TLC indicated that the solid was still impure.  The solid residue, including the 
unreacted starting compound and reaction products, was put under high vacuum (<1mm) 
until it reached a constant mass of 0.344g.  
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Chapter III 
Results and Discussions 
The main objective of this project was to develop a synthetic process for efficient and 
selective conversion of the primary amine group of 5-amino-1,10-phenanthroline into a 
variety of alkyl and aryl secondary amines for potential application as SAMs in impedance 
sensors. According to the literature, dithiocarbamates derived from secondary amines 
adsorbed onto gold surfaces more strongly than the dithiocarbamates formed from primary 
amines. Presumably, such secondary amine based dithiocarbamates would alter the 
impedance response in a manner similar to 1
o
-amine based dithiocarbamates but with greater 
stability. To investigate our hypothesis, synthesis of secondary amino derivatives of 5-aphen 
was pursued. As explained in the background discussion, the 3 methods explored were 
reductive amination over Pd/C with ammonium formate hydrogen donor (GM1),  N-
alkylation with alcohols using PPh3/DDQ (GM2), and KI catalyzed N-alkylation with alkyl 
halides (GM3). 
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Table 1: Results of Reductive amination over Pd/C with ammonium formate hydrogen donor 
(GM1) to synthesize 2
o
- amino-5-aphen from 1
o
-amino-5-aphen. 
 
Reaction# Alkylating 
agent 
#of mmoles of 5-
aphen 
 
 
Solvent (10:1 
PrOH:H20) 
(mL) 
Time(h)  Recovery of 
starting 
material (%) 
 
GM1-1
a
 
 
GM1-1A 
 
GM1-2A 
 
GM1-3A 
 
GM1-4A 
 
GM1-5A 
 
GM1-6A
b
 
 
GM1-1B
c
 
 
GM1-2B
c
 
 
 
 
PhCHO 
 
CH3CHO 
 
CH3CHO 
 
CH3CHO 
 
CH3CHO 
 
CH3CHO 
 
CH3CHO 
 
PhCHO 
 
PhCHO 
 
 
 
2.75 
 
0.513 
 
0.513 
 
1.537 
 
1.537 
 
2.750 
 
1.020 
 
0.514 
 
2.750 
 
 
 
 
20 
 
6 
 
10 
 
11 
 
20 
 
20 
 
25 
 
20 
 
40 
 
 
 
1 
 
1 
 
16 
 
24 
 
48 
 
24 
 
48 
 
48 
 
48 
 
 
  
- 
 
42.5 
 
63.0 
 
61.0 
 
67.5 
 
69.0 
 
71.0 
 
- 
 
- 
 
 
a: Starting compound was aniline and yield was 53%.  b:Reaction temperature  was 15
o
C. 
c: Starting material was not recovered. 
 
In the course of study to synthesize a series of 2
o
-amino derivatives of 5-aphen, the 
initial choice for testing was a method that minimizes formation of tertiary amine. This was 
designated as General Method 1(GM1) in synthesis trials. Reaction numbers beginning with 
GM1 described the series of reaction conditions that were attempted to synthesize (N-
Methyl) 5-amino-1, 10-phenanthroline and (N-Benzyl) 5-amino-1, 10-phenanthroline.  Due 
to the small scale, inference about possible product formation was primarily based on TLC 
analysis for loss of starting material. In order to test the method, reaction GM1-1 was run 
with aniline as the starting compound (as in the literature [21]) to verify the method. Yield 
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was 53% instead of the 73% reported in the literature, but the process did proceed under the 
specified mild conditions. In all subsequent trials of GM1, 5-aphen was used as the 1
o
-amine. 
In reactions GM1-1A and GM1-2A, conditions were similar except for changing the total 
reaction time. TLC analysis showed no visible evidence of product formation from these 
runs.  Only one small streak of starting material was noticed on TLC with a retention factor 
(Rf) of 0.15 by using a 30% AcOH: MeOH solvent mixture. The amounts of starting material 
recovered from both trials were 42% and 63%, respectively.  Three more reactions-GM1-3A, 
GM1-4A, and GM1-5A- were run under similar conditions varying the amount of solvent, 
reactant ratios, and reaction timings. In all three runs, TLC analysis showed similar results to 
reaction GM1-1A.  For GM1-3A, GM1-4 and GM1-5A, with starting 5-aphen recovered at 
61%, 67.5%, and 69%.  Based on these unsuccessful results, it was suspected that the 
reaction might not be taking place due to loss of the volatile acetaldehyde (bp = 20.2
o
C.) by 
evaporation during addition over the reaction period. Therefore, in the reaction GM1-6B, 
chilled acetaldehyde was added and the reaction temperature held at 15
o
 C.  TLC analysis 
showed no visible evidence of product formation, recovered 5-aphen being the only 
component of the crude reaction solid with a % recovery of 71%. In another approach, 
benzaldehyde was used instead of acetaldehyde to take advantage of its higher boiling point 
of 179
o
C. However, TLC analysis showed no visible evidence of product formation for 
reactions GM1-1B and GM1-2B. Attempts to recover the starting material for GM1-1B and 
GM1-2B by chromatography and recrystallization were not successful. While it seemed 
unlikely that trace impurities in the commercial 5-aphen would be sufficient to inhibit the 
reaction, a sample of the compound was purified by recrystallization from ethanol. In the 
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reaction GM1-2B, recrystallized 5-aphen was used. But results were unchanged from the 
negative results. 
Table 2: Results of Mono N-alkylation of 5-aphen with benzyl alcohol using PPh3/DDQ 
system (GM2). 
 
Reaction#    5-aphen 
      (g) 
#of mmoles of  
   5-aphen 
    (mmol) 
Solvent 
(CH3CN) 
(mL) 
Time 
(h) 
Crude Solid 
         (g) 
Observation on 
TLC plates 
 
GM2-1BC 
 
 
GM2-2BC 
 
0.234 
 
 
0.585 
 
1.20 
 
 
2.73 
 
5 
 
 
50 
 
24 
 
 
48 
 
      0.106 
 
 
0.578 
 
 
No change from 
starting mixture. 
 
No change from 
starting mixture. 
 
N-mono alkylation of amines with alcohols using DDQ/PPh3 was the 2
nd
 current 
literature method tested for synthesis of secondary amines from 5-amino-1, 10-
phenanthroline. Reactions GM2-1BC and GM2-2BC were run exactly as described in the 
literature. These reactions were monitored by TLC with 30% AcOH:MeOH solvent system. 
Only unreacted 5-aphen was recovered. 
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Table3: Results of attempted mono N- alkylation of 5-aphen by GM3. 
Reaction# Alkylating 
agent 
Solvent(mL) 
    (CH3CN) 
Time(h) Ratio(5-aphen 
:Alkylating 
agent) 
Product 
Yield (%) 
 
GM3-1BC 
 
GM3-2BC 
 
GM3-3BC 
 
GM3-4BC 
 
GM3-5BC 
 
GM3-6BB 
 
 
GM3-7NB 
 
 
 
  GM3-8BC 
 
 
   GM3-9nBB 
 
 
GM3-10
a 
 
BnCl 
 
BnCl 
 
BnCl 
 
BnCl 
 
BnCl 
 
BnBr 
 
1-bromo 
methyl-
Napthalene 
 
(bromo 
methyl) 
cyclohexane 
 
1-bromo 
butane 
 
BnBr 
 
 
1 
 
40 
 
100 
 
100 
 
100 
 
100 
 
100 
 
 
 
 
100 
 
 
100 
 
 
100 
 
0.17 
 
24 
 
72 
 
72 
 
72 
 
72 
 
72 
 
 
 
 
72 
 
 
72 
 
 
12 
 
3:1 
 
3:1 
 
3:1 
 
1:3 
 
1:3 
 
1:3 
 
1:3 
 
 
 
 
1:3 
 
 
1:3 
 
 
1:1 
 
mixture 
 
mixture 
 
mixture 
 
40.3 
 
45.0 
 
60.0 
 
mixture 
 
 
 
 
no reaction 
 
 
mixture 
 
 
mixture 
   a: Starting compound was 9-aminophenanthrene. 
From the stand point of simplicity, GM3 was the most direct route to the desired 2
o
-
amine, being a microwave-assisted SN2 reaction of the 1
o
-NH2 nucleophile with a suitable 
alkyl halide. Also, the literature cited one example of an N-heterocyclic substrate. When the 
microwave process was used for reaction GM3-1BC, TLC analysis showed two components 
with Rf values of 0.2 and 0.5 indicating recovery of some starting compound (Rf=0.2). The 
high Rf (0.5) product spot was weak in comparison, suggesting poor conversion of starting 
material. In these tests, two solvent mixtures, 2:2:1CH2Cl2: MeOH: TEA and 30% 
  
32 
 
AcOH:MeOH,  were used for TLC. A modified method for trial GM3-1BC ran the reaction at 
reflux temperature with enough solvent (100 mL) to dissolve the entire (0.50g) amount of 
starting compound. From TLC analysis, the reaction product spot intensified as compared to 
the same Rf spot obtained in the previous run of GM3-1BC. Column chromatography of this 
reaction product gave poor separation of the unreacted starting material. Recrystallization of 
the crude product mixture also failed to yield purified sample.  
In reaction GM3-4BC, reagent ratios and reaction times were changed. In reactions 
GM3-1BC, GM3-2BC, and GM3-3BC, the amine to alkyl halide ratio was 3:1. In reactions 
GM3-4BC, GM3-5BC, and GM3-6BB, the amine to alkyl halide ratio was 1:3. 100 mL of the 
solvent, acetonitrile, was used for 0.21 g of the substrate, which was sufficient enough to 
dissolve all the 5-aphen. The reaction was continued at reflux for 4 days. The reaction 
product mixture included solid and liquid fractions. According to TLC analysis, the solid 
fraction showed only one clearly visible spot at an Rf value distinctly different from the 
starting compound, indicating a good conversion to (N-benzyl) 5-amino-1, 10- 
phenanthroline. In reaction GM3-6BB, changing to a more reactive halide (benzyl chloride to 
benzyl bromide), gave a higher yield (65%) of alkylated product. 
Reactions GM3-7NB and GM3-9nBB also utilized different alkyl halide substrates 
under similar conditions. TLC analysis suggested that both the reactions yielded the expected 
alkylated products contaminated with unreacted starting compound. From the visual 
intensities of the TLC spots, product yield was estimated as ~ 30%. Recrystallization from 
methanol failed to yield pure product. Reaction GM3-8BC did not work at all. There was no 
visible evidence of product formation from TLC.  In reaction GM3-10, the starting 
compound was changed to 9-aminophenanthrene to compare with the reactions using 5-
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aphen. After 12 hours of reaction, TLC analysis of the crude product showed three well-
resolved spots with Rf values of 0.3 (starting compound), 0.7, and 0.9. The TLC was run 
using 8:2 hexane: ethyl acetate solution. Attempts made to separate and purify the product 
components by recrystallization with ethanol were unscuccessful. Column chromatography 
of the reaction mixture gave uniformly poor results when acetic acid was used as eluent. The 
planar geometry of the protonated phenanthroline ring system may have resulted in an 
unusually strong attraction for the SiO2. When methanol was used as an eluent for the 
column, adsorbed compound did elute, but band-broadening was severe. For reactions GM3-
2BB and GM1-2B, solvent was changed to a system of 2% acetic acid:MeOH from 2:2:1  
MeOH:CH2Cl2:TEA, which gave good separation by TLC but still failed to give good results 
for column chromatography.  
Discussion of spectral data of 5-aphen: 
Comparison of the 
1
H NMR spectra of 5-amino-1,10-phenanthroline (Figure 9) and 
the product identified as (N-benzyl) 5-amino-1,10-phenanthroline (Figures 11 and 12) 
showed significant differences. In both spectra, the first two peaks at 2.4 and 3.2 are due to 
water and residual non-deuterated DMSO.  In the starting compound spectra, the NH2 peak 
was at 6.1. Although there should be seven different peaks for seven aromatic protons, the 
5-aphen spectrum only resolved six peaks in the aromatic region, the multiplet at  8.6 
integrating to two H rather than one.  In the product spectrum the NH peak appeared at 7.1, 
which is moved downfield in comparison to the original NH2 peak, while the peak at 8.6 
resolved into two peaks at 8.9 and 9.1 to account for all the expected aromatic H.  In the 
product spectrum the new benzyl group accounted for five additional aromatic H as a 
multiplet at 7.3, but integration of all aromatic H was actually consistent with the total 
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number of H in the compound.  This was particularly puzzling in that it was expected that the 
benzyl –CH2- group would be readily visible in the 4-5 region, but no singlet was seen in 
that range (Figure 11 and 12), even though number of protons from integration was 
consistent with the number of protons in the expected compound.  It was thought that the 
water peak from DMSO in the spectrum at 3.3 (Figure 11) might have hidden the -CH2 – 
peak, but when D2O was added to the sample, the -CH2- peak was still absent. After adding 
the D2O, N-H peak did disappear as expected due to H - 
2
H exchange. The possibility that the 
-CH2- peak was above7.0 in the proton spectra was investigated. The routine H-decoupled 
13
C spectrum was unable to resolve the ambiguity. The DEPT 135
o 
spectrum was run to 
search for the only -CH2 - unit in the expected structure, and the negative peak for the -CH2- 
(Figure 13) was observed above 7.0.  Finally, a HMQC correlation spectrum confirmed the 
-CH2- peak in the range of 7.1-7.3 (Figure 14). The reason for the large downfield shift is 
not clear, but may be related to ring current effects with the -CH2- of the 5-aphen falling into 
the deshielding regions of both the heterocyclic ring and the aromatic of the newly-attached 
benzyl unit. Computer modeling-based calculations for the HOMO of the N-benzyl 
derivative of 5-aphen (Figure 8) shows a large orbital lobe on the sp3-nitrogen atom that is 
aligned with the aromatic -system, suggesting the possibility of some degree of sp2-
hybridization for extended conjugation.  If this were the case, the increased chemical shift of 
an sp2 hybridized atom adjacent to the -CH2- group could contribute to the unexpectedly 
high downfield position of its resonance signal.                   
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                         Figure 8: 3D-Structure of (N-Benzyl)- 5-amino-1,10-phenathroline. 
 
Figure 9: Experimental 
1
H NMR of 5- amino-1, 10-phenanthroline. 
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.                                    
 
Figure 10: Predicted 
1
HNMR of (N-benzyl) 5-amino-1, 10-phenanthroline (From 
                            ChemDraw). 
 
 
 
 
Figure 11: Experimental 
1
H NMR of (N-benzyl) 5-amino-1,10-phenanthroline. 
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Figure12: Blow up Experimental 
1
H NMR of (N-benzyl) 5-amino-1,10-phenanthroline. 
 
 
                                                         
                                   
                  Figure13: DEPT 135
o
 of (N-Benzyl) 5- amino-1,10-phenanthroline. 
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               Figure14: HMQC 2D-spectra of (N-Benzyl) 5- amino-1, 10-phenanthroline. 
 
 
 Nucleophilicity effect on reactions: According to the literature, the three methods GM1, 
GM2, and GM3 had all reported good conversion of primary amines into secondary amines 
in high yields without appreciable by-product formation. However, in all of these reactions, 
none of the aromatic amines were N-heterocycles. 5-aphen has two nitrogen atoms as a part 
of the fused 3-ring aromatic structure, which raises the question as to whether the presence of 
these two sp
2
-
 
hybrid N-atoms may be decreasing the nucleophilicity of the 5-amine group. 
By comparing the pKa values shown in Table 4, it was found that the aromatic heterocycles 
had consistently higher pKa values relative to their purely hydrocarbon analogues. It should 
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be noted that the pKa values from the literature correspond to the equilibrium between the 
protonated ammonium group and the free amine (R-NH3
+↔ R-NH2+H
+
)  so that as the pKa 
increases, the –NH3 group is a weaker acid and hence a stronger base. While basicity and 
nucleophilicity are not directly comparable, it was theorized that these relative basicities 
(derived from literature pKa values) might give a useful indication of relative nucleophilicity 
for the comparable structure. As the pKa data clearly show the N-heterocyclic amine 
consistently shows a higher pKa than its analogous hydrocarbon. From this line of reasoning, 
the 5-amino-1, 10-phenanthroline would be expected to be a more reactive nucleophile than 
the amino-substituted phenanthrene. Results of the KI catalyzed alkylation experiments, 
however, indicated that the amino phenanthrene was more reactive as a nucleophile. The 
reason for this is unclear. 
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Table4: Pka values of N-heterocycles and their analogues. [24]: 
Structure of 
compound 
Name of the compound Pka values of 
ammonium salt 
 
 
Aniline 
 
4.61 
 
 
4-pyridinamine 
 
9.26 
 
 
N,N-dimethylaniline 
 
5.1 
 
 
N,N-Dimethylaminopyridine 
 
9.52 
 
 
1-aminonaphthalene 
 
4.21 
 
 
5-aminoquinoline 
 
5.54 
 
 
9-aminophenanthrene 
 
4.01 
 
 
5-aphen 
 
5.40 
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Conclusion: 
The reaction method GM3 gave the best results for preparation of N-alkyl derivatives 
of phenanthroline. (N-benzyl)- 5-amino-1, 10-phenanthroline was successfully prepared 
(GM3-4BC, GM3-5BC, and GM3-6BB), but when other secondary 5-aphen derivatives 
(reactions GM3-7NB, GM3-8BC, GM3-nBB) were attempted, product formation was less 
efficient with considerable residual starting compound observed. In these reactions, the 
product yield was also low as estimated from relative intensity of TLC spots. Attempts to 
purify crude product mixtures with silica gel column chromatography gave poor results. In 
the course of this study it was found that reaction methods GM1 and GM2 were not suitable 
for synthesis of secondary 5-aphen derivatives.  Based on pKa values of –NH2 in 5-aphen vs. 
other aromatic amines, it was initially expected that the 5-aphen would be more reactive than 
the analogues. However, 9-aminophenanthrene was found to be more reactive than 5-aphen. 
In the process of analyzing the 
1
H NMR spectra, the -CH2- peak in (N-benzyl)-5-aphen was 
noticed considerably further downfield at 7.2 than predicted. Since product identification was 
primarily based on 
1
H NMR, DEPT 135
o
 and HMQC experiments were employed to 
positively verify the new - CH2- in the alkylated product. 
The unexpectedly low reactivity of the -NH2 in 5-aphen may be less disadvantageous 
in the sense that multiple alkylation might not be a problem even if a large excess of the alkyl 
halide was used to increase reaction rate.  An alternate method might be useful if 5-aphen 
were reacted initially with a strong base such as BuLi in order to deprotonate the amine and 
greatly increase its nucleophilicity.  These experiments will be the subject of future studies as 
the project continues. 
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